The stomach contents of 100 yolk-sac larvae and 376 larvae of Spanish mackerel collected in the Seto Inland Sea from 1981-1983 were examined. Standard lengths (SL) of prey animals were back-calcu lated from their body heights (BH).
Information on the general biology for the Spanish mackerel has been gradually accumulated, however the ear ly life history remains poorly understood with the excep tion of distribution of eggs and larvae.1) Rearing trials2-4) for larvae and juveniles of the present species suggest that Japanese Spanish mackerel has a high growth potential which may result from early development of piscivorous food habits. Other species of Scomberomorus in Aus tralian coastal waters5) and in the Gulf of Mexico6) appear to be piscivorous from first feeding and their food habits have been discussed in relation to high growth rates. Data on the food habits of Japanese Spanish mackerel in the sea is fragmentary. 7, 8) The main purpose of this article is to determine the food habits of the Spanish mackerel larvae collected in the Seto
Inland Sea, and additionally to describe morphological de velopment for the sea-caught larvae.
Materials and Methods
Specimens examined were collected during cruises of the RV "Shirafuji-maru" (117t), National Nansei Fisheries Research Institute." Sampling was conducted in the mid and western part of the Seto Inland Sea from May to July, 1981 to 1983. Two types of sampling gear were used: a common-type larva net (mouth diameter 1.3 m, 6.9 m long and mesh aperture 0.315 mm) and Maruchi A-type net.9) Plankton samples were preserved in 10% formalin and col lected ichthyoplankton were sorted. 476 Spanish mackerel larvae and juveniles ranging from 3.9 to 19.2mm SL were examined for stomach content analyses. Contents dissect ed from the stomachs were identified to the most detailed taxa possible and the body heights of prey were measured.
Body height (BH), head length (HL), and upper jaw length (UJL) were measured from 200 specimens of the Spanish mackerel larvae. Well reserved specimens were selected to study and illustrate morphological develop ment. The standard lengths (SL) and body heights (BH) of 100 anchovy larvae, simultaneously collected with the Spanish mackerel larvae, were measured to determine the SL-BH relationship and allow back-calculation of stan dard lengths of prey from their body heights.
Results

Morphological Development
Yolk-sac larva, 4.2mm SL: Mouth and anus have not yet opened. Anus is located at the midpoint of the body. Eyes are unpigmented. Melanophores are distributed as patches on the trunk and tail with a pair of distinct ag gregated melanophores on the tail. A large amount of yolk remains with a large oil globule at the posterior end (Fig.  IA) .
Yolk-sac larva just before feeding, 5.8mm SL: Small amount of yolk and oil globule remain. Mouth is complete ly opened and 3 pairs of jaw teeth are visible on both the upper and lower jaws. Eyes are fully pigmented. Anus posi tion shifted anteriorly from 50% to 35% of the body length. Patchy melanophores are located on the dorsal part of the rectum and on the fin-fold in front of the anus ( 15% of the body length. Eyes have enlarged (Fig. 1C) .
Flexion larva, 7.0 mm SL: Notochord tip begins to turn upward. Three enlarged spines are visible on the posterior margin of the preopercle. The upper jaw further expanded to 22% of the body length (Fig. ID) .
Postflexion larva, 10.8 mm SL: Notochord flexion is complete. Dorsal and anal fin buds are present. The num ber of teeth on both the upper and lower jaws has in creased to six (Fig. IE) .
Juvenile, 19.2 mm SL: The complete complement of dor sal and anal fin rays is present (D XIX, 15+ 8;AII,17+8). The number of spines on the posterior edge of the preoper cle has increased to eight. (Fig. IF) .
Relative Growth
Ratios of HL, UJL, and BH to SL are shown in Fig. 2 . HL/SL is about 0.17 at 5mm SL, increasing with larger larval size until about 0.37 at 11mm SL when it levels out. UJL/SL shows nearly the same pattern: 0.12 at 5mm SL and increasing to 0.25 at 11mm SL. Relative growth of BH exhibits a different pattern of growth from the head. Initial value of about 0.07 at 5mm SL gradually increases to 0.09 at 8mm SL, and then rapidly to reach a constant level of 0.17 at 11mm SL. Despite differences in the pat tern of relative growth between the head and body, both stabilized at 11 mm SL.
Feeding Incidence
Yolk-sac larvae can be divided into two groups by ab sence or presence of eye pigment. In yolk-sac larvae that lacked pigmented eyes there was no sign of feeding, whereas 9 of 50 yolk-sac larvae with pigmented eyes had in itiated feeding. All other size classes of larvae showed high feeding incidence (Table 1) . Fig. 2 . Relationships between standard length (SL) and ratios of head length (HL), upper jaw length (UJL), and body height (BH) to SL of Spanish mackerel larvae and juveniles. Stomach-content Composition A majority of food items (96.4%) were fish larvae. Of 362 food organisms identified, only 5 invertebrate eggs and 8 copepods were observed, all in the mackerel size classes less than 6mm SL. Most fish larvae eaten were Clupeiformes (77.9%) and Gobiidae (6.9%). Clupeiformes occupied 54.1% to 100% of the stomach contents in all size classes of the predatory larvae. Six fish species were identified among prey: round herring Etrumeus teres, Pacific sardine Sardinops melanostictus, gizzard shad Konosirus punctatus, Japanese anchovy En graulis japonicus, chub mackerel Scomber japonicus, and Spanish mackerel. The Japanese anchovy was most com mon, and the other 5 species were negligible in terms of number. Four Spanish mackerel larvae were cannibalized by the 6-7, 7-8, 8-9, and 10-15mm size-class larvae.
Prey Size
To estimate the size of prey, prey body height was con verted to standard length from the relationship between standard length and body height of the major prey animal, Japanese anchovy larvae (Fig. 3) . Analysis of the size relationship between Spanish mackerel and their prey showed that prey size increased as predator size increased until 12mm SL. The minimum prey body height changed abruptly from 0.3mm to 0.8mm when Spanish mackerel reached about 12mm SL. The minimum size of fish larvae eaten corresponds to an anchovy larva of about 3mm SL, and Spanish mackerel larger than 12mm SL prey primari ly on 9 to 12mm SL anchovy larvae. After Spanish mack erel reached 12mm SL, a remarkable increase in the prey size was not observed, despite a substantial increase in pre dator size (Fig. 4) . 
Discussion
Complete piscivory throughout the larval period ap pears to be an unusual feeding strategy among marine fish larvae. Last") examined gut contents of 9456 marine fish larvae including 20 species collected in the North Sea. Be sides a limited number of fish larvae, he found that the majority of the gut contents consisted of invertebrate plankton: Copepoda, Cladocera, and Appendicularia. Other comprehensive gut content analyses11,12) revealed that marine fish larvae prey primarily on copepod nauplii and copepodites. In contrast to these past results, the present ssdy indicates that the major food of the Spanish mackerel larvae in the Seto Inland Sea is fish larvae. Two species of Australian Spanish mackerel Scomberomorus commerson and S. queenslandicus larvae were reported to prey mainly on appendicularians and fish larvae.5) Major food items of Atlantic Spanish mackerel S. maculatus and king mackerel S. cavalla larvae consisted primarily of Carangid and Sciaenid fish larvae. 6) Evidences of piscivorous habits of marine fish larvae have been reported in other scombrid species such as skip jack tuna Katsuwonus pelamis,13,14) southern bluefin tuna Thunnus maccoi,14) and common mackerels Scomber scorn bus and S. japonicus.11,16) In these species however, pis civorous habits appear to develop at a more advanced stage of development.
In the other groups except for scombrids, larval piscivo ry was observed in sea raven Hemitripterus villosus,17.18) and a freshwater percichthyid Siniperca chuatsi (S. Aoyama and T. Doi: Suma Aqualife Park, unpublished). First feeding-stage larvae of sea raven were observed to ex hibit cannibalistic behavior in laboratory tanks, and also to prey on fish larvae in the sea. However, the sea raven egg is demersal and very large. Larvae with a large mouth and jaw teeth hatch out at about 14mm BL. The pis civorous feeding habit of the freshwater percichthyid was only observed in aquaria, and has not yet been confirmed in nature.
Results of the present study indicate that Spanish mack erel larvae prefer fish larvae to invertebrate prey from first feeding, however, a distinct shift in the size range of prey occurred when Spanish mackerel reached a length of about 12 mm SL. This size roughly corresponds with com pletion of notochord flexion and the beginning of the trans formation from larval to juvenile stages. In general, this transformation enables larvae to swim more rapidly and presumably to catch larger prey animals. After reaching 12mm SL Spanish mackerel larvae continued to prey on anchovy larvae less than 12 mm SL. Anchovy larvae begin to shift from passive floating to active swimming in associa tion with differentiation of fin rays. 19, 20) Sudden increase in swimming ability is herein reported for Atlantic herring Clupea harengus larvae when they reach 10mm SL,21) and development of swimming performance by prey may ac count for the observed upper size limit of fish eaten by the Spanish mackerel larvae.
The development of piscivorous feeding in the larvae of some species may be dependent on morphological develop ment. Tanaka et al. 8, 22) showed that precocious develop ment of an adult-type digestive system with a functional stomach and pyloric caeca occurred in laboratory-reared Spanish mackerel larvae. They speculated that the early ap pearance of piscivorous feeding habits was related to the precocious development of the digestive system. Although we did not examine the development of the digestive tract in the sea-caught larvae, 3 pairs of jaw teeth had developed in the yolk-sac stage. We suspect that one of the major morphological backgrounds for the early appearance of piscivory is the precocious development of the digestive system.
Although morphology is undoubtedly important for pis civorous habits, availability of suitable fish prey must be critical. Shirota23) reported larger mouth sizes in several species of tunas which appear to primarily eat inver tebrates. For example, UJL/TL is about 25% in the Pacific bluefin tuna whose gut contents consist primarily of copepods.24) The main spawning ground for the Pacific bluefin tuna is offshore of the Ryukyu Islands25) and larval fish density may be low in this habitat. Within Scom beromorus lower percentage of fish larvae were observed in stomach contents of the Australian Spanish mackerel which spawns relatively offshore.5) In contrast, when the Japanese Spanish mackerel spawns during May and June, it migrates from offshore to the Seto Inland Sea. This period corresponds to the annual peak in abundance of ichthyoplankton in the Inland Sea26) and Spanish mackerel exhibits almost complete piscivory there. The same is true of the Atlantic Spanish mackerel S. maculatus and king mackerel S. cavalla in the vicinity of the Mississippi River where high densities of fish larvae commonly appear.") These observations suggest that spawning in coastal waters is timed with high abundance of prey animals, and that this is an important ecological criterion for development of precocious piscivory.
